Objectives: To investigate the occupational and genetic risk factors inducing lumbar disc degeneration in a Chinese population, and to explore their synergistic interactions. Methods: A case-control study involving 178 low back pain patients with lumbar disc degeneration and 284 controls was carried out. Five types of work-related factors were investigated using questionnaires. Polymerase chain reaction and restriction fragments length polymorphism was used to detect the polymorphisms of MMP-3 (matrix metalloproteinase-3)(rs731236), VDR-Taq (vitamin D receptor-Taq) and VDR-Apa (vitamin D receptor-Apa)(rs35068180). Rothman's synergy index was used to measure the synergistic interactions between gene polymorphisms and occupational risk factors. Results: Family history of lumbar disc diseases, back injury history, whole-body vibration, bending/twisting, heavy physical workload, age, mutation alleles 5A of MMP-3 and A of VDR-Apa were significantly associated with lumbar disc degeneration (OR=12. 70, 11.79, 8.96, 5.46, 1.05, 1.96 and 1.70, respectively, p<0.05). Synergistic interactions existed between the mutation allele 5A of MMP-3 and wholebody vibration exposure, the mutation allele 5A of MMP-3 and bending/twisting, and the mutation allele A of VDR-Apa and bending/twisting (SI=13.27, 2.91, 2.35, respectively, p<0.05). Conclusions: The results of this study suggest that gene-occupation interaction might play a certain role in exaggerating lumbar disc degeneration. There is a possibility that subjects who carry mutation alleles 5A of MMP-3 and/or A of VDRApa are more vulnerable to lumbar disc degeneration when they are exposed to whole-body vibration and/or bending/twisting under ergonomic loads. It is estimated that 15% to 20% of adults have back pain during a single year, and 50% to 80% experience at least one episode of back pain during their lifetime 1) . Jin 2) reported that the incidence of low-back pain (LBP) was as high as 50% in an investigation of one population of Chinese workers. Lumbar disc degeneration is considered to be a primary cause of LBP 3, 4) . The pathogenesis of lumbar disc degeneration includes radial fissures, rim tears in the annulus, and loss of water content in the nucleus pulpous and annulus. These changes are suspected of underlying many back pain symptoms.
It is estimated that 15% to 20% of adults have back pain during a single year, and 50% to 80% experience at least one episode of back pain during their lifetime 1) . Jin 2) reported that the incidence of low-back pain (LBP) was as high as 50% in an investigation of one population of Chinese workers. Lumbar disc degeneration is considered to be a primary cause of LBP 3, 4) . The pathogenesis of lumbar disc degeneration includes radial fissures, rim tears in the annulus, and loss of water content in the nucleus pulpous and annulus. These changes are suspected of underlying many back pain symptoms.
The etiology of lumbar disc degeneration is complex, and recent research on the causes of disc degeneration have shed light upon a better understanding of the risk factors contributing to disc degeneration. Magora 5) suggested that occupational factors contributing to the acceleration of spinal degeneration included heavy physical loads, manual materials handling consisting of lifting, bending and twisting, prolonged sitting, sustained non-neutral work postures, and vehicle driving. Videman 6) confirmed that occupational exposures are viewed as the primary source of the mechanical factors damaging the spine. This finding was supported by Frymoyer 7) , who found that age, gender, occupation, cigarette smoking, and exposure to vehicular vibration are all associated with the occurrence of LBP. Thus the occupational risk factors mentioned above have remained the focus of recent epidemiologic studies on lumbar disc degeneration.
In contrast, Ala-Kokko's recent studies among families and twins concluded that sciatica, disc herniation, and disc degeneration may be explained to a large degree by genetic factors. As such, the effects of environmental and constitutional risk factors could be relatively minor 8) .
Other relevant studies have supported the idea that degenerative disc disorders may be genetically determined [9] [10] [11] [12] . The first gene mutations associated with intervertebral disc degeneration in humans were reported in 1998 13) . That study showed that low MRI signal intensity of thoracic and lumbar discs was associated with TaqI tt genotypes of the vitamin D receptor gene, and a similar MRI pattern was observed for bulging and disc height in both TaqI and FokI genotypes. Subsequent research revealed that a number of genes are associated with disc degeneration in human beings, including an aggrecan gene with shorter numbers of tandem repeat lengths; mutation genes coding for collagen IX (COL 9 A2 and COL 9 A3), and the matrix metalloproteinase-3 gene [14] [15] [16] [17] . Solovieva 18) presented evidence suggesting that the effect of obesity on lumbar disc degeneration is modified by COL9A3 gene polymorphisms in Finnish men. These findings indicated that genetic risk factors may interact with environmental factors in exaggerating the development of disc degeneration.
The current study attempted to identify the occupational exposure and genetic risk factors inducing lumbar disc degeneration, and to evaluate their possible synergistic interactions on lumbar disc degeneration in a Chinese population.
Methods

Subjects
Using a case-control design, all LBP patients diagnosed as having lumbar disc degeneration were recruited from the outpatient clinics of two local hospitals in one community of Ningbo City, Zhejiang Province between June 2005 and February 2006. The total number of diagnosed lumbar disc degeneration cases was 201, and 178 participated in the current research. During the same enrollment period, 294 controls with no medical history of LBP or lumbar disc degenerative disorders were randomly selected from residents in this community and from among those who visited the same hospitals for a regular medical examination and were diagnosed with no lumbar disc degeneration. Of these 284 controls completed the questionnaire investigation.
All cases had disc degeneration confirmed by undergoing CT (Computed Tomography) examination of the lumbar spine. The degrees of degeneration were evaluated from the CT images by two independent radiologists and an orthopedic spine surgeon, who were not informed about this research. According to a fourpoint scale 19) , degeneration was graded as 0 (no signal change), 1 (slight decrease in signal intensity in nucleus pulposus), 2 (distinct decrease in signal intensity in nucleus pulposus with normal disc height), and 3 (severe decrease in signal intensity in nucleus pulposus with disc space narrowing). This scale resulted in a classification of degenerative disorders as non-existent, mild, moderate, and severe, respectively. In the 284 controls, 80.82% (230) were healthy with no disease, 12.68% (36) were diagnosed as having normal cardiovascular diseases and 6.50% (18) were diagnosed as having normal digestive system diseases, which were confirmed to be unconnected with intervertebral disease. The study was approved by the City Ethics Committee. Informed consent was received from all subjects concerned.
Occupational exposure evaluation
Data regarding individual characteristics were collected by a questionnaire instrument that included items on anthropometric measures. The Body Mass Index (BMI= weight [kg] per height squared [m 2 ]) was calculated for each subject. Smoking habits, family history of lumbar disc diseases and medical history of back injury were recorded.
A separate questionnaire, developed by the Stockholm Musculoskeletal Intervention Center for assessing manual materials handling, was modified and applied to the assessment of physical and postural loads at work 20) . Questionnaires were implemented via face-to-face interviews conducted by trained interviewers. Subjects were asked to recall in detail their work history, including descriptions of past jobs, along with the intensity, frequency, and duration of engaging in risk factors that their line of work required. Five potential risk factors for degeneration agreed by US-NIOSH (USA-National Institute for Occupational Safety and Health)-prolonged sitting, whole body vibration, bending/twisting, lifting, and heavy workload-were identified 21) . Subjects were asked to estimate the number of hours spent per day working under each of the five risk factors. Risk factors were classified into three levels by considering the exposure frequency and employment years: low, moderate and high (Table 1) .
Determination of genotypes
Blood samples were collected intravenously from the 178 cases and 284 controls. Genomic deoxyribonucleic acid (DNA) was extracted from white blood cells according to the procedures of the genomic DNA extraction kit.
Polymerase chain reaction and restriction fragment length polymorphism (PCR-RFLP) methods were applied to detect the polymorphisms of MMP-3 (rs731236) 17, 22) , VDR-Taq, and VDR-Apa (rs35068180) 13, 23) . The primers of MMP-3 were designed as: 5'-GGT TCT CCA TTC CTT TGA TGG GGG GAA AGA -3' and 5'-CTT CCT GGA ATT CAC ATC ACT GCC ACC ACT -3'; and the primers of VDR were designed as: 5'-CAG AGC ATG GAC AGG GAG CAA G-3' and 5'-GCA ACT CCT CAT GGC TGA GGT CTC A-3'. The fragments of MMP-3 digested by the restriction enzyme Tth111Iwere: 6A6A (130 bp), 6A5A (130, 100, 30 bp), and 5A5A (100, 30 bp); 5A was the mutation allele. There were two mutated allele sites in the PCR products of VDR, which were recognized and digested by restriction enzymes TaqI and ApaI. The fragments in different sizes of VDR-Taq included TT (495, 245 bp), Tt (495, 245, 290, 205 bp) and tt (245, 290, 205 bp); t was the mutation allele. The genotypes of VDR-Apa were AA (740 bp), Aa (740, 520, 220 bp) and aa (520, 220 bp); A was the mutation allele.
All blood samples were successfully genotyped. The frequency distribution of gene polymorphisms conformed to the Hardy-Weinberg Equilibrium.
Statistical analysis
The odds ratios (OR) of occupational and genetic risk factors, as estimators of relative risk, and their 95% confidence intervals (CI) were computed using nonconditional logistic regression. The Chi-squared goodness of fit test was used to check for any deviations from the Hardy-Weinberg Equilibrium.
Interaction between a gene polymorphism (G) and an environmental factor (E) was evaluated using an additive model 24) . The synergism for the additive scale was measured with a synergy index (SI), which can be calculated by the mathematical formula:
The OR GE is a joint effect of factors -G and E, in which the OR G E is the main effect caused by -factor E only; and OR G E is the main effect by factor G only. The SI will be 1.0 when there is no interaction between factors G and E, while a SI value over 1.0 indicates the presence of synergistic interaction, meaning that the joint effect of factors G and E is stronger than the additivity of the single effect. The higher the SI value, the stronger the joint effect will be. A two-tailed U test 25) was used to examine the statistical significance of SI, and values of p≤0.05 were considered to be statistically significant.
Results
Characteristics of subjects
The characteristics of cases and controls, including age, gender, BMI, smoking, back injury history and family history of disc degeneration, are shown in Table 2 .
Environmental risk factors
In non-conditional logistic analyses, we found that family history of lumbar disc diseases, back injury history, whole-body vibration, bending/twisting, heavy physical workload, and age were associated with lumbar disc degeneration, with statistically significant differences between the case and control groups. The OR value of whole-body vibration reached 8.96 (95% CI=2.47-32.49), indicating that people exposed to whole-body vibration at high levels were more likely to develop lumbar disc degeneration than those without exposure. A family history of disc degenerative disease and back injury showed a high risk of lumbar disc degeneration, as demonstrated by the OR values of 9.19 (95% CI=4.17-20.24) and 11.79 (95% CI=4.40-31.62), respectively. Exercise may be a protective factor for a functioning lumbar spine (OR=0.43, [95% CI=0.31-0.59]) ( Table 3) .
Effect of MMP-3 and VDR gene polymorphisms on lumbar disc degeneration
The frequencies of mutation genotypes MMP-3 and VDR-Apa in lumbar disc degeneration cases were significantly higher than those in controls (OR=1.96 [95% CI=1.33-2.89] and 1.70 [95% CI=1.15-2.51], respectively), while no significant difference was observed for the distribution of VDR-Taq variant genotypes (Table 4) .
Synergistic interactions between polymorphisms and occupational exposure
The joint effects of mutation genotypes and OR=odds ratio, 95%CI=95% confidence intervals. occupational exposure on lumbar disc degeneration are presented in Table 5 . Two mutation alleles (5A of MMP-3 and A of VDR-Apa) and bending/twisting acted synergistically to increase the risk of lumbar disc degeneration (SI=2.91 and 2.35, respectively, p<0.05). Additionally, the synergistic interaction between mutation allele 5A of MMP-3 and whole-body vibration made the risk of lumbar disc degeneration much higher than each factor acting alone (SI=13.27, p<0.05). The synergistic interactions between mutation genotypes were also analyzed, but there were not statistically significant (not shown in Table 5 ).
Discussion
The OR value associated with age was 1.05 (p<0.05)
by non-conditional logistic analyses, suggesting an increased tendency to develop disc degeneration with age. A previous study showed an increased prevalence of disc degeneration from 16% at age 20 to about 98% at age 70, based on macroscopic disc degeneration grades of 600 autopsy specimens 26) . Some researchers have pointed out that lumbar disc degeneration may start from the age of 20, and the flexibility of the lumbar disc reduces as age increases 27, 28) . Early degenerative changes in the mature disc are characterized by loss of water content in the nucleus pulpous and annular tears, which are commonly associated with disc space narrowing. The degeneration develops with increasing age, and the stability of the motion segment may be compromised eventually. The OR of back injury history in the present research was 11.79, showing a strong association with disc degeneration. This finding may in part be interpreted by the theory of accident-related trauma, which posits that structural lesions of the disc will lead to "degenerative" changes. Subjects with family history of lumbar disc diseases demonstrated an increased risk of suffering from lumbar disc degeneration. This indicates that familial susceptibility is a contributing factor to degeneration, and that lumbar disc degeneration may be genetically determined.
The three work-related risk factors of whole-body vibration, bending/twisting, and heavy physical workload were associated with lumbar disc degeneration. Individuals exposed to high levels of whole-body vibration were approximately eight times more likely to suffer from lumbar disc degeneration, compared to those who were unexposed. Prolonged sitting and lifting, however, were not significantly associated with disc degeneration. This result is similar to Lawrence's findings, in which lumbar disc degeneration was more common in male workers with physically demanding tasks than those who were more sedentary 29) . Furthermore, Farfan 30) suggested that bending/twisting was the main cause of disc damage. Thus, the effects of occupational factors seem to depend on the combination of their frequency, intensity, and duration. As the occupational factor becomes stronger, it is likely to damage the structure of the lumbar disc by narrowing the disc space and breaking annular fibrosis, and by gradually destroying the function of the musculoskeletal system. Earlier experiments have indicated that vibration may affect the metabolism of the disc cell matrix and nutrition supply, exacerbating the lumbar disc pressure, energy consumption, and water loss from nucleus pulposus and annular tears 31) . For genetic risk factors, the results of this study showed a significantly higher frequency of VDR and MMP-3 mutation genotypes in lumbar disc degeneration patients relative to controls. Mutation genotype tt of VDR-Taq was the first genetic risk factor associated with intervertebral disc degeneration in humans 13) . However, tt genotype was found in this study, and there was no significant difference for the distribution of VDR-Taq variant genotypes between cases and controls. The most likely explanation for this finding may lie in the fact that the tt genotype seldom exists in Chinese populations. In one study involving 804 subjects in China, for example, only one single subject carried the tt genotype 32) . In contrast, AA and Aa genotypes of VDR-Apa showed a significant effect on disc degeneration (OR=1.70), indicating that the VDR-Apa gene polymorphism is one of the genetic risk factors involved in lumbar disc degeneration. A possible mechanism for the action of this polymorphism may depend on the role of the vitamin D receptor within chondrocytes. The vitamin D receptor binds to the active form of vitamin D and helps to control the calcium balance, and may additionally act in the differentiation, proliferation, and maturation of chondrocytes. It has been confirmed that chondrocytes play a role in influencing the proteoglycan synthesis in vitro and moreover, that there is a rich presence of chondrocytes and proteoglycans in the lumbar disc 33) . As a result, vitamin D receptor polymorphism may be involved in lumbar disc degeneration indirectly, through its function within the chondrocyte. The exact mechanism of action, however, requires further investigation.
It is evident that matrix metalloproteinases (MMPs) and tissue inhibitor of metalloproteinases (TIMPs) regulate the equilibrium of extracellular matrix degradation. Stromelysin (MMP-3) can degrade collagens and also break down other structural components such as proteoglycan and fibronectin 33) . The expression of MMP-3 is primarily regulated at the level of its transcription. There is a common variant in the promoter sequence of the MMP-3 gene, in which one allele has six adenosines (6A) while the other has only five (5A). Compared with other genotypes, individuals homozygous for the 6A allele will have lower MMP3 levels in their tissues because of reduced gene transcription, and the 5A5A and 5A6A genotypes of MMP-3 were associated with more degenerative findings in the elderly than the 6A6A genotype 17) . A similar phenomenon was observed in the present study. The frequencies of 5A5A and 5A6A genotypes of MMP-3 in lumbar disc degeneration cases were significantly higher than those in the controls. The fact that MMP-3 has the ability to degrade various connective matrix components, and activate other MMPs, shows that the mutation of MMP-3 may disturb the extracellular matrix balance in the lumbar disc and promote its degeneration. Soloviea 18) found that people carrying the trp3 allele of COL9A3 were at greater risk of disc degeneration if they were persistently obese. In our study, obesity did not appear to be a risk factor, because the distribution of BMI was the same in the case and control groups. However, we observed a synergistic interaction between the mutation allele 5A of MMP-3 and whole-body vibration exposure, the mutation allele 5A of MMP-3 and bending/twisting, and the mutation allele A of VDR-Apa and whole-body vibration exposure. Simultaneous presence of mutation alleles 5A of MMP-3 and/or A of VDR-Apa and whole-body vibration and/or bending/ twisting exposure increased the risk of lumbar disc degeneration about three to five times. This finding assumes that mechanical stress coupled with metabolic imbalance mediated by gene polymorphisms accelerates the disc structural damage leading to disc degeneration. The exact mechanism for this action, however, needs to be further researched.
In the current research, we focused on synergistic interactions between gene polymorphisms and occupational risk factors affecting lumbar disc degeneration, which may be a more reasonable interpretation of the causes of lumbar disc degeneration in Chinese people. The size of the study sample was not large enough to predict the synergic effect of geneenvironment interaction with conclusive accuracy. Follow-up studies with larger sample sizes need to be conducted. Also, we will continue to investigate other gene polymorphisms (COL 9 A2, COL 9 A3 and aggrecan gene) to look for the potential causes of disc degeneration. In the multiple comparisons applied to the measure of synergistic interactions, there may have been some statistically bias which will need to be reduced in our future research.
Conclusion
The results of the present study provide some evidence of gene-environmental interaction on lumbar disc degeneration in Chinese people. Our findings suggest the possibility that subjects carrying mutation alleles 5A of MMP-3 and/or A of VDR-Apa are more vulnerable to lumbar disc degeneration when exposed to whole-body vibration and/or bending/twisting. Workers carrying mutation alleles 5A of MMP-3 and/or A of VDR-Apa should avoid work involving whole-body vibration exposure and/or bending/twisting ergonomic loads in order to reduce the risk of suffering from lumbar disc degeneration.
